Components of herpes simplex virus remained bound to the diploid cell membrane after nucleocapsid penetration into the cytosol. These components enabled the infected cells to induce interferon-alpha (IFN-~) in peripheral blood mononuclear cells even when the infected cells were fixed by glutaraldehyde. Monoclonal antibodies directed against the major viral glycoprotein D could neutralize their IFN-~-indueing capacity. Thus, the process of IFN induction does not require uptake and penetration of the inducer into the effector cells. The process was, however, sensitive to lysosomotropic drugs. These data suggest that a membrane receptor is involved in the IFN-~ induction mechanism.
Infected and glutaraldehyde-fixed cells were prepared according to the following procedures. Diploid cells (2 x 105 cells/cm 2) were grown for 24 h in Eagle's MEM with 10~ foetal calf serum, in 24-well flat-bottomed microtitre plates. They were infected with HSV-1 at different multiplicities of infection (m.o.i.) for various times at 37 °C. After washing three times using MEM, the cells were incubated for 30 min at 37 °C with the same medium, fixed thereafter with 0-5 ml glutaraldehyde/well [0.25~ in phosphate-buffered saline (PBS)] for 1 h at 4 °C, and washed three times with PBS. The aldehyde function was saturated with a 0.5 M-glycine solution in PBS pH 6.8. PBMC, obtained from blood donors, were prepared after centrifugation on Ficoll-Paque gradients. PBMC (0.5 ml/well; 106/ml) were added to fixed cells previously washed twice with RPMI 1640 medium. After an incubation of 18 h at 37 °C, the cell supernatants were collected directly for IFN titration since no infectious particles were present. In parallel as controls, Sendal virus, infectious HSV-1 or VSV, adjusted to a volume of 20 p.1 at different m.o.i.s, was used to induce IFN in PBMC. After IFN production, virus was inactivated by dialysing the preparation for 48 h at 4 °C against a 0-2 M-glycine-HC1 buffer pH 2 and for 3 h at 20 °C against MEM.
All IFN titrations were performed using MDBK cells, challenged with VSV, and compared to the international IFN reference standard as previously reported (Lebon et al., 1980) .
The first set of experiments suggested that cells newly infected with HSV-1 induce IFN in PBMC. Indeed, MRC-5 diploid cells were infected at different m.o.i, with HSV-1 and fixed with glutaraldehyde at various incubation periods (5 min, 1, 2 or 24 h after infection). The PBMC added to this fixed cellular sheet produced as much IFN-c~ with cells infected for 1 or 2 h as with cells infected for 24 h or with infectious viruses (Table 1 ). In cells infected for 24 h, numerous intra-and extracellular virions could be observed using the electron microscope, but in cells infected for 1 h at a m.o.i, of 1, no particles could be detected at the cell surface, and only some cores were present in lysosomal vacuoles (data not shown). Cells infected for only 1 h at a m.o.i. of 1 were therefore employed for subsequent studies, especially to analyse the effects of concanavalin A (Con A), immune sera and HSV-1 monoclonal antibodies on IFN induction. Con A was obtained from Industrie Biologique Frangaise; four monoclonal antibodies against glycoproteins B, C and D of HSV-1, kindly provided by M. Zweig (NCI, Frederick, Md., U.S.A.), were used: 1 S and 4 S against glycoprotein gD, 19 S against glycoprotein C (gC) and 3 S against glycoprotein B (gB). All have been described as neutralizing antibodies with or without complement (Showalter et al., 1981) . The titres of antibodies 1 S, 3 S and 4 S were respectively 400, 100 and 2500 (100 p.f.u, neutralization test) and 200 for 19 S antibodies (immune fluorescence test). Non-inactivated immune sera from patients ill with herpesvirus encephalitis with a HSV-l-neutralizing titre up to a dilution of 1/1200 were also used.
After 1 h of HSV infection, diploid cells were washed and incubated for 30 min with different amounts of Con A, immune sera (1/20), or monoclonal antibodies against HSV-1 glycoproteins gB, gC and gD. After a single washing, they were fixed with glutaraldehyde. The IFN-c~-inducing capacity of the cells was abolished with 10 lag/ml Con A or reduced by 50~ with 1 gg/ml Con A. It was practically zero with the immune sera at the final concentration of 1/20 (data not shown). The two monoclonal antibodies against gD reduced the production of IFN by more than 90~ with the 4 S monoclonal antibody and between 50 and 90~ with the 1 S antibody at a dilution of 1/20. Monoclonal antibodies against gB and gC, even in excessive amounts and in the presence of rabbit complement, were ineffective ( Table 2) .
The activity of these monoclonal antibodies was also tested on infected cells after glutaraldehyde fixation. PBMC incubated with these cells in the presence of gD antibodies produced much less IFN than in the presence ofgC and gB and controls (Table 2) . Furthermore, none of the monoclonal antibodies affected IFN induction by other viruses (such as VSV) used as a control.
The effect of two lysosomotropic agents, ammonium chloride and chloroquine sulphate, on IFN induction by HSV-1 and Sendai virus was investigated. These drugs were added to PBMC in the presence of different inducers at various concentrations and the IFN yield in the supernatant was measured after 18 h incubation. As shown in Table 3 , 2 mM-ammonium chloride (Merck) and 0.5 gN-chloroquine sulphate (Specia) inhibited IFN induction by HSV-1 6.6 6.7 6.8 6.9 7.0 7.1 7.2 7.3 7.4 7-5 7.6 7-7 pH Fig. 1 . Effect of chloroquine (1 ~tM) on IFN production at different pH levels of the medium. at a m.o.i, of 1. These drugs at the same concentration did not affect the production of IFN induced by Sendai virus (m.o.i. l0 or 100). However, in the case of Sendai virus (at a m.o.i, of 1) the induction of IFN was similarly inhibited by chloroquine sulphate.
Since acidic media neutralize the activity of these weak bases, the same experiments were performed in media which were adjusted to different pH values (between 6.7 and 7.7). PBMC were incubated for 18 h with HSV-1 at a m.o.i, of 1 in the different media with or without chloroquine (t txra). IFN levels were measured in the supernatant media after virus inactivation and elimination of chloroquine by dialysing against pH 2 buffer. The ratios of IFN control/IFN chloroquine levels were plotted for each pH value of the medium. The inhibitory effect of chloroquine on IFN production was reversed by a slight decrease of the pH (Fig. 1) .
The results of experiments using monoclonal HSV-1 antibodies suggest that the glycoprotein gD stays bound at the cell surface after intracytoplasmic penetration of the nucleocapsid and plays a key role in IFN-~ induction. The envelope of other viruses such as Sendai virus or VSV has already been shown to modify the surface of newly infected cells and sensitize them to the killer activity by specific antibodies and complement (Fan & Sefton, 1978) . Here, HSV gD enables diploid cells to induce IFN-ct in PBMC. This protein is also known for its capacity to induce high titres of virus-neutralizing antibodies (Long et al., 1984) . Moreover, monoclonal antibodies against gD also block the fusion of HSV-1-infected cells (Noble et al., 1983) . For this protein, eight epitopes have been defined, reacting with eight groups of monoclonal antibodies (Eisenberg et al., 1985) . It would be interesting to study whether one or several epitopes participate in the induction process. Under our experimental conditions, the monoclonal antibodies against gB and gC (although known to neutralize HSV-1) do not reduce the IFNinducing capacity of infected fibroblasts. Glycoprotein gC, possessing an affinity for the C3 complement (Friedman et al., 1984) , was reported previously as being not necessary for IFN induction since ceils infected with mutant SYN (LDT0), defective for gC, could stimulate PBMC for IFN production as well as cells infected with non-defective strains (Bishop et al., 1983b) . Among the other glycoproteins, gE, which has an affinity for the Fc region of IgG (Para et al., 1982) , could not be studied here since it is denatured by formol and glutaraldehyde (Ito & Barron, 1972) .
A parallel seems to exist between this protein, gD, apparent mediator of IFN induction, and the stimulation of natural cytotoxic cells, which also requires HSV glycoproteins at the target cell surface (Bishop et al., 1984) . The IFN-~ thus produced can be released before the end of the first infectious cycle and rapidly protects uninfected neighbouring cells. Furthermore, it can also stimulate the natural killer activity against autologous HSV-infected cells, as reported by Bishop et al. (1983a) , Kohl & Harmon (1983) and Yasukawa & Zarling (1983) .
The inhibitory effect of lysosomotropic drugs on IFN-fl production in chicken fibroblasts has been reported and interpreted as due to the blocking of penetration and decapsidation of infectious viruses (Svitlik & Marcus, 1984). In our experiments, the entry into PBMC of the whole virion is unlikely, since most of the nucleocapsids of the viruses are already taken up by the inducer, the diploid cells, which are moreover glutaraldehyde-fixed. The same inhibitory effect was observed with small amounts of chloroquine and cannot be attributed to a toxic arrest of cellular protein synthesis or transcription. Indeed, in the same cells, similar concentrations of lysosomotropic drugs did not block IFN induction by Sendai virus (m.o.i. of 10 or 100). Moreover, a slight decrease of the pH of the medium (pH 6.9) could abolish the effect of chloroquine on IFN induction.
On the basis of these observations, we formulate the hypothesis of the existence of cell membrane-bound receptor sites, specific for IFN induction in PBMC. These receptors could be triggered by virus proteins (or other foreign antigens). As known for other polypeptide receptors, they could be subject to recycling, as suggested by the inhibitory effect of lysosomotropic drugs on IFN production.
